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Abstract:	  This	   article	   proposes	   an	   Electromagnetic	   characterization	   of	   aqueous	   solutions	  containing	   glucose	   in	   various	   concentrations.	   Results	   concerning	   blood	   are	   also	  presented.	  Novelty	  of	  this	  work	  relies	  in	  its	  high	  frequency	  measurements	  together	  with	  its	  broadband	  character.	  Indeed,	  measurements	  from	  100	  MHz	  up	  to	  50	  Ghz	  are	  shown	  and	  detailed	  (up	  to	  20	  GHz	  for	  blood).	  Results	  are	  discussed	  and	  a	  possible	  application	  is	  detailed.	  	  
I-­‐Introduction	  Nowadays,	   electromagnetic	   (EM)	  waves	  at	   centimetre	  and	  millimetre	  wavelengths	  are	  increasingly	  used	  and	  penetrate	  our	  lives.	  Either	  from	  exploitation	  or	  prevention	  point	  of	   view,	   knowing	   effects	   and	   impact	   of	   these	   EM	  waves	   over	   biological	  material	   is	   of	  great	  interest.	  In	  this	  paper,	  focus	  is	  made	  over	  a	  particular	  component	  existing	  within	  blood:	   glucose.	   Aim	   of	   this	   paper	   is	   to	   evidence	   the	   particular	   EM	   response	   of	   this	  component	  over	  the	  whole	  frequency	  spectrum	  from	  100	  MHz	  to	  20	  GHz.	  To	  reach	  that	  aim,	   direct	   electromagnetical	   characterization	   of	   glycaemic	   aqueous	   solutions	   were	  performed.	  	  
II-­‐Aqueous	  Solutions	  Measurement	  	  The	  measurement	  set-­‐up	  is	  compounded	  of	  a	  vectorial	  network	  analyser	  Agilent	  E8364A	  and	  an	  Agilent	  85070E	  dielectric	  probe	  directly	  soaked	  into	  solutions.	  Several	  basic	  solutions	  composed	  of	  distilled	  fresh	  water	  (D.	  water	  labelled),	  glucose	  in	  various	   concentrations	   (5	   and	   10%	   volume	   concentration-­‐	   G5	   &	   G10	   labelled)	   and	  sodium	  chloride	  (NaCl	  labelled)	  have	  been	  processed.	  For	   each	   of	   these	   formulas,	   the	   broadband	   real	   and	   imaginary	   relative	   dielectric	  permittivities	   have	   been	   plotted	   between	  100	  MHz	   and	   50	  GHz,	  measurement	   results	  are	  shown	  on	  Figure	  1.	  	  	  	  
	  Fig.	  1:	  measured	  relative	  dielectric	  permittivity	  	  of	  aqueous	  glycaemic	  solutions	  	  One	  can	  notice	  that	  imaginary	  part	  of	  the	  relative	  dielectric	  permittivity	  is	  linked	  to	  the	  glucose	   rate	   of	   the	   samples.	   Furthermore,	   these	   changes	   of	   the	   imaginary	   part	   of	   the	  relative	  dielectric	  permittivity	  are	  related	  to	  frequency.	  	  At	  very	  low	  frequencies,	  the	  sodium	  chloride	  has	  a	  notable	  effect.	  Then,	   for	   low	   frequencies	   i.e.	   under	   8	   GHz,	   the	   lower	   the	   glucose	   rate,	   the	   lower	   the	  imaginary	  relative	  dielectric	  permittivity.	  	  Then,	   around	   10	  GHz,	   it	   seems	   that	   there	   is	   an	   inflection	   point,	   the	   effects	   of	   glucose	  concentration	  is	  weak.	  	  	  Further	   to	   high	   frequencies,	   the	   higher	   the	   glucose	   rate,	   the	   lower	   the	   imaginary	  dielectric	  permittivity.	  	  
III-­‐Blood	  Glycaemia	  Measurement	  	  Further	   to	   these	  preliminary	   results,	   electromagnetical	   characterizations	  of	   a	   complex	  media,	   i.e.	  human	   blood,	   have	   been	   carried	   out.	   In	   order	   to	   try	   to,	   at	   first,	   make	   the	  problem	  as	  simple	  as	  possible,	  pooled	  human	  blood	  samples	  with	  artificially	  overdosed	  glycaemia	   rates	   have	   been	   used.	   Indeed,	   several	   samples	   of	   human	   bloods	   have	   been	  pooled.	  Then,	  the	  resulting	  equivalent	  blood	  has	  been	  divided	  into	  three	  parts:	  the	  first	  one	   has	   been	   overdosed	   with	   glucose	   in	   order	   to	   reach	   a	   glycaemia	   rate	   of	   5%,	   the	  second	  one	  has	  been	  overdosed	  to	  reach	  a	  glycaemia	  rate	  of	  10%	  and	  the	  last	  one	  was	  left	  unchanged,	  thus	  it	  presents	  an	  average	  human	  blood	  glycaemic	  rate.	  These	   three	   samples	   were	   then	   characterized	   thanks	   to	   the	   method	   previously	  described.	  However,	  due	  to	  technical	  problems	  we	  were	  able	  to	  perform	  measurement	  under	   20	   GHz	   exclusively.	   The	   results	   are	   given	   in	   figure	   2.	   As	   reported	   in	   the	  literature	  [1],	  [2],	  magnetization	  of	  human	  blood	  shows	  diamagnetic	  behavior	  leading	  to	  	  
magnetic	  susceptibility	  in	  scale	  of	  10-­‐6.	  This	  value	  is	  small	  enough	  so	  that	  permeability	  of	  blood	  can	  be	  approximated	  to	  1	  in	  our	  measurement	  setup.	  
	  
a/	  Relative	  dielectrical	  permittivity	  Real	  part	  
	  
	  
b/	  Relative	  dielectrical	  permittivity	  Imaginary	  part	  	   Fig.	  2:	  measured	  relative	  dielectric	  permittivity	  	  of	  pooled	  blood	  samples	  with	  various	  glycaemia	  rates	  	  	  In	   order	   to	   have	   a	   clear	   idea	   of	   the	   reproducibility	   of	   the	  measurement	   and	   thus	   the	  intrinsic	  error	  of	  the	  characterization,	  we	  have	  measured	  twice	  the	  same	  samples	  with	  the	  same	  measurement	  set-­‐up.	  Two	  measures	  are	  plotted	  into	  figure	  3:	  one	  corresponds	  
to	  the	  characterization	  of	  blood	  made	  before	  measuring	  any	  sample	  and	  the	  other	  one	  represents	  the	  blood	  characterization	  made	  after	  all	  the	  measurements.	  One	  can	  notice	  that	   the	   changes	   are	   weak,	   consequently,	   the	  measure	   could	   be	   considered	   as	   highly	  reproducible.	  	  
	  Fig.3:	  measured	  characteristics	  of	  blood	  made	  at	  two	  different	  moments	  before	  the	  samples	  measurement	  (sangtot	  label)	  after	  the	  samples	  measurement	  (sangtot_2	  label)	  	  All	  these	  measurement	  results	  clearly	  show	  that	  there	  is	  a	  link	  between	  the	  sugar	  blood	  rate	  and	  its	  electromagnetical	  behaviour	  and	  it	  opens	  numerous	  ways	  for	  exploitation	  of	  this	  particular	  behaviour.	  	  	  
IV-­‐	  Conclusions	  and	  perspectives	  	  In	   this	   paper,	   several	   characterizations	   of	   glucose	   solved	   into	   aqueous	   solutions	   have	  been	  performed	  over	  a	  wide	  frequency	  band	  (1	  to	  50	  GHz)	  and	  shows	  that	  glucose	  rate	  has	  an	  effect	  over	  the	  relative	  electrical	  permittivity	  of	  the	  solution.	  These	  observations	  have	   then	   been	   extended	   to	   glucose	   rates	   into	   pooled	   human	   blood.	   Although	   these	  measurements	  have	  been	   carried	  out	  on	  overdosed	  pooled	  blood	   samples	   (around	  10	  times	   the	   pathological	   glycaemia	   rates),	   these	   results	   seem	   of	   great	   interest	   for	   the	  development	  of	  medical	  glycaemia	  sensors,	  and	  in	  particular	  for	  non-­‐invasive	  devices.	  Indeed,	  today,	  Diabetes	  Mellitus-­‐affected	  patients	  still	  use	  blood	  sample	  glucose	  reader.	  A	  small	  drop	  of	  blood,	  obtained	  by	  pricking	  the	  skin	  with	  a	  sterile	  lancet	  (small	  needle),	  is	  placed	  on	  a	  disposable	  test	  strip	  that	  the	  meter	  reads	  and	  uses	  to	  calculate	  the	  blood	  glucose	  level	  through	  an	  electro-­‐enzymatic	  process.	  Other	   measurement	   techniques	   exist,	   optical	   ones	   being	   the	   most	   investigated.	   In	  particular,	  methods	  based	  on	  Near	  InfraRed	  light	  scattering	  measurement	  	  [3]-­‐[8],	  Ultra-­‐
Violet	   light	   Fluorescence	  [9],	   PhotoAcoustic	   spectroscopy	   	  [10]-­‐[11],	   or	   Optical	  Coherence	  Tomography	   	  [12]-­‐[13]	  have	  been	  widely	  examined.	  Non-­‐optical	   techniques	  such	  as	   temperature	  measurement	   	  [14]-­‐[15]	  or	  electrical	  measurement	  based	  on	  skin	  impedances	   	  [16]-­‐[17]	   have	   also	   been	   investigated	   but	   none	   of	   these	   techniques	   have	  lead	  to	  a	  widely	  spread	  sensor	  because	  of	   the	  difficulty	  to	  de-­‐correlate	  glucose-­‐related	  effects	  from	  other	  in	  vivo	  phenomena.	  	  Efforts	  to	  improve	  sensors	  based	  on	  these	  techniques	  are	  still	  on-­‐going	  and	  generates	  an	  intense	  interest	  from	  major	  electronic	  companies	  such	  as	  Google™	  or	  Microsoft™	  	  [18]	  -­‐[19].	  	  Electromagnetic-­‐based	   glucose	   detection	   appears	   as	   a	   serious	   candidate	   to	   challenge	  these	  techniques	  as	  they	  could	  allow	  a	  non-­‐invasive	  testing	  	  [20]-­‐[25].	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